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(57) ABSTRACT

A relocation method and a mobile machine using the same
are provided. The method includes: obtaining a global map
and a current scan map of a target scene where a mobile
machine 1s located, and generating a local sub-map based on
the global map; obtaining a black boundary in the local
sub-map, determining a length and a curve complexity of the
black boundary, and determiming a weight of the black
boundary based on the length and the curve complexity of
the black boundary; determining an estimated pose and a
target black boundary based on the local sub-map and the
current scan 1mage, and obtaining a matching value between
the current scan 1image and the local sub-map based on a
weight of the target black boundary; and determining the
estimated pose as a relocated pose of the mobile machine 1n

response to the matching value being larger than a preset
threshold.
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RELOCATION METHOD, MOBILE

MACHINE USING THE SAME, AND

COMPUTER READABLE STORAGE
MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

The present disclosure 1s a continuation-application of
International Application PCT/CN2020/140578, with an
international filing date of Dec. 29, 2020, which claims
foreign priority of Chinese Patent Application No.
202011257420.X, filed on Nov. 11, 2020 1n the State Intel-
lectual Property Office of China, the contents of all of which
are hereby 1ncorporated by reference.

BACKGROUND

1. Technical Field

The present disclosure relates to mobile machine tech-
nology, and particularly to a relocation method, a mobile
machine using the same, and a computer readable storage
medium.

2. Description of Related Art

During the use of a robot, the robot needs to be relocated
because of various reasons (e.g., abnormal power cut) that
cause the localization failure of the robot. In the existing
robot relocation method, the relocation of a robot 1s mainly
performed by template matching or gradient matching that
both focus on the influence of large areas or long boundaries
on matching. However, because the maps constructed by the
robot are usually 2D grid maps which can only describe the
boundary information such as objects and walls that 1s at the
same height. Therefore, for the long corridor area or the
junction with multiple walls, the boundary information
described 1n the 2D grid maps have high similarity, which
makes the distinction between the large areas and the long
borders often not obvious, which results 1n the high false
alarm rate of successtul relocation of the robot and afiects
the user experience.

BRIEF DESCRIPTION OF THE DRAWINGS

To describe the technical schemes 1n the embodiments of
the present disclosure or 1n the prior art more clearly, the
following briefly introduces the drawings required {for
describing the embodiments or the prior art. It should be
noted that, the drawings 1n the following description merely
show some embodiments. For those skilled in the art, other
drawings may be obtained according to the drawings with-
out creative eflorts.

FIG. 1 1s a flow chart of a relocation method according to
an embodiment of the present disclosure.

FIG. 2 1s a flow chart of determining an adaptive matching,
area according to an embodiment of the present disclosure.

FIG. 3 1s a schematic diagram of an example of deter-
mimng adaptive matching areas according to an embodi-
ment of the present disclosure.

FIG. 4 1s a schematic diagram of another example of
determining adaptive matching areas according to an
embodiment of the present disclosure.

FI1G. 5 15 a flow chart of determining the curve complexity
of a black boundary according to an embodiment of the
present disclosure.
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2

FIG. 6 1s a flow chart of preprocessing a global navigation
map according to an embodiment of the present disclosure.

FIG. 7 1s a schematic block diagram of a relocation
apparatus according to an embodiment of the present dis-
closure.

FIG. 8 15 a schematic block diagram of a mobile machine
according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

In the following descriptions, for purposes of explanation
instead of limitation, specific details such as particular
system architecture and technique are set forth in order to
provide a thorough understanding of embodiments of the
present disclosure. However, it will be apparent to those
skilled 1n the art that the present disclosure may be 1mple-
mented 1n other embodiments that are less specific of these
details. In other instances, detailed descriptions of well-
known systems, devices, circuits, and methods are omitted
sO as not to obscure the description of the present disclosure
with unnecessary detail.

It 1s to be understood that, when used 1n the description
and the appended claims of the present disclosure, the terms
“including” and “comprising” indicate the presence of stated
features, integers, steps, operations, elements and/or com-
ponents, but do not preclude the presence or addition of one
or a plurality of other features, integers, steps, operations,
clements, components and/or combinations thereof.

It 1s also to be understood that the term “and/or” used 1n
the description and the appended claims of the present
disclosure refers to any combination of one or more of the
associated listed items and all possible combinations, and
includes such combinations.

As used 1n the description and the appended claims of the
present disclosure, the term “1” may be interpreted as
“when” or “once” or “in response to determining” or “in
response to detecting” according to the context. Similarly,
the phrase “if determined” or “if [the described condition or
event] 1s detected” may be interpreted as “once determining”
or “in response to determiming” or “on detection of [the
described condition or event]” or “in response to detecting
[the described condition or event]”.

In addition, in the description and the appended claims of
the present disclosure, the terms “first”, “second”, “third”,
and the like 1n the descriptions are only used for distinguish-
ing, and cannot be understood as indicating or implying
relative importance.

In the present disclosure, the descriptions of “one embodi-
ment”, “some embodiments” or the like described in the
specification mean that one or more embodiments of the
present disclosure can include particular features, structures,
or characteristics which are related to the descriptions of the
descripted embodiments. Therefore, the sentences “in one
embodiment”, “in some embodiments”, “in some other
embodiments”, “in other embodiments” and the like that
appear 1n different places of the specification do not mean
that descripted embodiments should be referred by all other
embodiments, but instead be referred by “one or more but
not all other embodiments” unless otherwise specifically
emphasized. The terms “including”, “comprising”, “having”
and their variations all mean “including but not limited to”
unless otherwise specifically emphasized.

During the use of a mobile machine, the mobile machine
needs to be relocated because ol various reasons (e.g.,
abnormal power cut) that cause the localization failure of the
mobile machine. In the existing mobile machine relocation

method, the relocation of a mobile machine 1s mainly
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performed by template matching or gradient matching that
both focus on the influence of large areas or long boundaries
on matching. However, because the maps constructed by the
mobile machine are usually 2D grid maps which can only
describe the boundary information such as objects and walls
that 1s at the same height. Therefore, for the long corridor
area or the junction with multiple walls, the boundary
information described in the 2D grid maps have high simi-
larity, which makes the distinction between the large areas
and the long borders often not obvious, which results in the
high false alarm rate of successtul relocation of the mobile
machine and affects the user experience.

In which, the false alarm of successtul relocation means
that the relocated pose of the mobile machine 1n the grid map
1s not the true mapping of the current position and orienta-
tion of the mobile machine in the map. In other words, the
talse alarm of successtul relocation means that the mobile
machine determines an incorrect pose as the relocated pose
of the mobile machine.

In order to solve the above-mentioned technical problems,

in the prior art, 1t often introduces rich and complex visual
features by using camera(s), so as to use the matching of the
rich and complex visual features to reduce the false alarm of
successiul relocation of the mobile machine and improve the
robustness of the relocation. Although the problem of the
high false alarm rate of successtul relocation of the mobile
machine can be solved to a certain extent by using
camera(s), 1t will extremely add the hardware costs and 1s
difficult to be widely used 1n actual scenes.
In order to solve the above-mentioned technical problems,
the embodiments of the present disclosure provide a relo-
cation method. In the method, when the mobile machine
needs to relocate, the matching weight of the black bound-
aries may be set according to the length and curve com-
plexity of the black boundaries to increase the effect of small
objects and thin areas to the matching in the relocation,
thereby eflectively solving the problem of the high false
alarm rate of successiul relocation without increasing hard-
ware costs, improving the robustness of relocation, and
improving the user experience.

FIG. 1 1s a flow chart of a relocation method according to
an embodiment of the present disclosure. In this embodi-
ment, the relocation method 1s a computer-implemented
method executable for a processor, which may be applied to
a mobile machine with positioning function, for example, a
robot, a vehicle, a mobile phone, a tablet, a wearable device,
or the like so as to realize its relocation. Although the type
of mobile machine 1s not limited, a robot 1s used as the
example of the mobile machine for description. The method
may be implemented through a relocation apparatus shown
in FIG. 7 or a mobile machine shown 1n FIG. 8. As shown
in FIG. 1, the method may include the following steps.

S101: obtaining a global navigation map and a current

scan map of a target scene the mobile machine 1s
located, and generating a local matching sub-map
based on the global navigation map.

In which, the target scene refers to a scene corresponding,
to the current location of the robot. The global navigation
map refers to a 2D grid map obtained by constructing a map
of an environment containing the target scene through
simultaneous localization and mapping (SLAM) technology.
Each pixel in the global navigation map may correspond to,
for example, a 5 cm™5 cm square area 1n the actual scene.
The current scan 1mage refers to an 1mage that the robot
generates by collecting a single or a plurality of frames of
laser scan data at 1ts current location and generating based on
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the laser scan data. Similarly, each pixel in the current scan
image may correspond to, for example, a 5 cm™*35 ¢cm square
area 1n the actual scene.

In the global navigation map and the current scan map, the
black areas represent the boundaries of an object or a wall
scanned by laser, the white areas represent the areas where
the robot can pass, and the gray areas represent the areas
unknown to the robot. The length and curve complexity of
a black boundary determine to a certain extent the degree of
difliculty of the corresponding object or wall to be moved or
changed. In which, the longer the black boundary, the
smaller the curve complexity, 1t usually represents the large
object or wall that cannot be easily moved or changed in the
actual scene; on the contrary, it represents small objects such
as solas, tables and chairs that can be easily moved or
changed.

In one embodiment, before generating the local matching
sub-map based on the global navigation map, the global
navigation map may be processed 1n advance to generate an
optimized navigation map with single-pixel-wide black
boundaries and without independent black pixel area to
avoid the extra black pixels aflecting the determination of
the matching weight of the black boundaries and avoid the
influence of the noise of laser on the relocation of the robot.
At the same time, adaptive matching areas may be deter-
mined. Then, a local matching sub-map may be generated
based on the adaptive matching areas and the optimized
navigation map. As an example, a local area in the optimized
navigation map that corresponds to the adaptive matching
area may be determined as a local matching sub-map.

In which, the preprocessing of the global navigation map
will be described 1n detail below. The following first intro-
duces the process of determining the adaptive matching area.
FIG. 2 1s a tlow chart of determining an adaptive matching
area according to an embodiment of the present disclosure.
As shown 1n FIG. 2, the determining the adaptive matching
areca may include the following steps.

S201: obtaining a locating mode of relocation.

The locating mode of relocation may include a global
relocation and a local relocation. In this embodiment, the
locating mode of the above-mentioned relocation may be
determined according to whether the user specifies a loca-
tion during the above-mentioned relocation or not. For
example, 1n the case that the user has specified a location and
the specified location 1s a valid location, i1t can be determined
that the locating mode 1s the local relocation; and 1n the case
that the user does not specily a location, or the specified
location 1s an 1invalid location, 1t can be determined that the
locating mode 1s the global relocation. The valid location
refers to a location in the white area of the global navigation
map, and the invalid location refers to a location in the black
area or the gray area of the global navigation map. The user
may specily a location by inputting a location in the global
navigation map or clicking on a specific location in the
global navigation map.

S5202: obtaining a global locating position of the robot and

a first position of the robot before a navigation fails 1n
response to the locating mode being global relocation,
and generating the adaptive matching area based on the
global locating position and the first position.

In this embodiment, the global locating position may be
determined based on a visual coarse relocation algorithm
which may be implemented based on bag-of-words (BoW)
model. As an example, during a map construction using laser
SLAM technology, each time when a laser key frame 1s
generated, a frame of 1image of the current moment may be
collected at the same time to process using the BoW model,
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and the pose corresponding to the laser key frame 1s saved
in association with the frame of 1mage. During the reloca-
tion, the 1mage of the current location of the robot may be
collected (through, for example, a camera disposed on the
robot), and then similarity retrieval may be performed on the
image using the BoW model. I the target image correspond-
ing to the above-mentioned 1mage 1s retrieved, the displace-
ment iformation i the pose corresponding to the target
image may be determined as the global locating position,
otherwise it can be considered that there 1s no global locating
position. In which, the target image 1s any frame of the
images that are synchronously collected during the map
construction.

In one embodiment, the generating the adaptive matching,
arca based on the global locating position and the first
position may include:

S2021: drawing a third circle with the global locating

position as a center and a first preset length as a radius,
and drawing a fourth circle with the first position as a
center and the first preset length as a radius;

S2022: determining a smallest circumscribed rectangle
including the third circle and the fourth circle as the
adaptive matching area 1n response to the third circle
and the fourth circle intersect or accommodate with
each other; and

52023, determiming a rectangle area with the global
locating position as a center and a second preset length
as a side length as the adaptive matching area in
response to the third circle being separated from the
fourth circle or the fourth circle not existing.

For the above-mentioned S2021-S2023, 1n the case that
the global locating position and the first position exist and
are both valid positions, a circle may be drawn with the
global locating position L0 and the first position L1 as the
center, respectively, and the first preset length as the radius
to obtain the third circle and the fourth circle, respectively.
FIG. 3 1s a schematic diagram of an example of determining
adaptive matching areas according to an embodiment of the
present disclosure. As shown 1n part (a) of FIG. 3, 11 the third
circle 301 and the fourth circle 302 intersect or accommo-
date with each other, the areas covered by the two circles are
merged, and the smallest circumscribed rectangle 303 cov-
ering the covered area 1s determined as an adaptive matching
area. As shown 1n part (b) of FIG. 3, 11 the third circle 301
1s separated from the fourth circle 302, the square arca 304
with the global locating position L0 as the center point and
the second preset length as the side length may be deter-
mined as an adaptive matching area. A description format of
the adaptive matching area may include a starting coordinate
at the upper left corner and a area length and area width
corresponding to the adaptive matching area.

It should be noted that, in this embodiment, the accom-
modation means that the third circle overlaps the fourth
circle, and the separation means that the third circle not
overlaps the fourth circle. The first preset length and the
second preset length may be determined according to the
actual condition. For example, the first preset length may be
determined as 100 pixels, that 1s, the corresponding actual
distance may be Sm; and the second preset length may be
determined as 140 pixels, that 1s, the corresponding actual
distance may be 7 m.

In the case that the first position does not exist or 1s an
invalid position, the square area with the global locating
position as the center point and the second preset length as
the side length may be determined as the adaptive matching,
area, that 1s, the square area in part (b) of FIG. 3 may be
determined as the adaptive matching area. In the case that
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the global locating position does not exist or 1s an invalid
position, it can directly return a relocation failure and exat
the locating mode of the global relocation.

S203: obtaining the global locating position of the robot,
the first position of the robot before the navigation fails,
and a second position specified by a user 1n response to
the locating mode being local relocation, and generat-
ing the adaptive matching area based on the global
locating position, the first position, and the second
position.

In one embodiment, the generating the adaptive matching

area based on the global locating position, the first position,

and the second position may include:

S2031: drawing the third circle with the global locating
position as the center and the first preset length as the
radius, drawing the fourth circle with the first position
as the center and the first preset length as the radius, and
drawing a fifth circle with the second position as the
center and the first preset length as the radius;

S52032: determining a smallest circumscribed rectangle
containing the third circle, the fourth circle and the fifth
circle as the adaptive matching area in response to the
fifth circle and the third circle intersect or accommo-
date with each other as well as the fifth circle and the
fourth circle intersect or accommodate with each other;
and

S52033: determining a rectangular area with the second
position as the center point and the second preset length
as the side length as the adaptive matching area in
response to the fifth circle being separated from the
third circle or the fifth circle being separated from the
fourth circle.

For the above-mentioned S2031-S2033, 1n the local relo-
cation, the second position L2 designated by the user is
generally a valid position. At this time, in the case that the
global locating position L0, and the first position L1 exist
and are both valid positions, the third circle 401, the fourth
circle 402 and the fifth circle 40 may be drawn using the
global locating position L0, the first position L1, and the
second position 12 as the center, respectively, and the first
preset length as the radius. FIG. 4 1s a schematic diagram of
another example of determiming adaptive matching areas
according to an embodiment of the present disclosure. As
shown 1n part (a) of FIG. 4, i1 the fifth circle 403 and the
third circle 401 1ntersect or accommodate with each other,
and the fifth circle 403 and the fourth circle 402 1ntersect or
accommodate with each other, the area covered by the three
circles are merged, and the smallest circumscribed rectangle
404 covering the covered area 1s determined as the adaptive
matching area. As shown 1n part (b) and (¢) of FIG. 4, 11 the
fifth circle 403 1s separated from the fourth circle 402, or the
fifth circle 403 1s separated from the third circle 401, the
square area 40S with the second positions 12 as the center
and the second preset length as the side length 1s determined
as the adaptive matching areca. Similarly, the first preset
length may be 100 pixels, and the second preset length may
be 140 pixels.

In the case that the global locating position does not exist
or 1s an invalid position, or the first position does not exist
or 1s an invalid position, the square areca with the second
position as the center point and the second preset length as
the side length may be determined as the adaptive matching
area.

S102: obtaining a black boundary 1n the local matching

sub-map, determining a length and a curve complexity
of the black boundary, and determining a matching
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weight of the black boundary based on the length and
the curve complexity of the black boundary.

In this embodiment, after the local matching sub-map 1s
generated, the black boundaries 1n the local matching sub-
map may be obtained using a region growing algorithm of
black pixel. The seed points 1n the region growing algorithm
may be selected from the global navigation map 1n the order
from left to right and top to bottom. In which, the selected
seed points are the black pixels that are not currently divided
into any black boundary.

As an example, the length of a black boundary may be
measured by the amount of black pixels contained 1n the
black boundary. That 1s, for any black boundary, the amount
of black pixels contained i1n the black boundary may be
obtained f{irst, then the amount of black pixels may be
determined as the length of the black boundary. For
example, 1f the amount of black pixels included 1n a certain
black boundary 1s 6, 1t may be determined that the length of
the black boundary 1s 6 pixels.

After determining the length of the black boundary, the
curve complexity of the black boundary may be determined
based on the length of the black boundary. FIG. 5 15 a flow
chart of determining the curve complexity of a black bound-
ary according to an embodiment of the present disclosure.
As shown 1n FIG. 5, the determining the curve complexity
of the black boundary may include the following steps.

S301, obtaining the length of the black boundary.

S302: setting the curve complexity of the black boundary
to a preset value 1n response to the length of the black
boundary being less than a preset reference length.

In which, the curve complexity of the black boundary
refers to the fractal dimension of the black boundary. The
preset reference length and preset value may be set accord-
ing to the actual condition. For example, the reference length
r may be set to 10 pixels, and its preset value may be set to
0. That 1s, for each black boundary, if the length of the black
boundary 1s less than 10 pixels, the curve complexity of the
black boundary may be set to O.

S303: drawing a first circle with an endpoint of the black
boundary as a center and the reference length as a
radius 1n response to the length of the black boundary
being larger than or equal to the preset reference length,
and obtaining an intersection point of the first circle and
the black boundary.

S3504: determining a target black pixel point between the
center of the first circle and the intersection point 1n the
black boundary, and determining a distance between
the target black pixel point and a target straight line,
where the target straight line 1s determined based on the
center of the first circle and the intersection point.

S305: increasing the curve complexity of the black
boundary by one counting unit in response to there
being a distance larger than a preset distance threshold.

S3506: drawing a second circle with the intersection point
as a center and the reference length as a radius.

S307: obtaining the curve complexity of the black bound-
ary by returning to the determining the target black
pixel point between the center of the first circle and the
intersection point 1 the black boundary, and determin-
ing the distance between the target black pixel point
and the target straight line 1 response to there being a
new 1ntersection point between the second circle and
the black boundary until there 1s no new intersection
point between the second circle and the black boundary.

For the above-mentioned S503-S507, for each black
boundary, 1n that case that the length of the black boundary
1s larger than or equal to the reference length r, that 1s, 11 the
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length of the black boundary 1s larger than or equal to 10
pixels, the first circle with the reference length as the radius
may be drawn by using an end point of the black boundary
as a starting point and the starting point as the center. The
first circle may intersect the black boundary at another point,
and the intersected point 1s the intersection point between
the first circle and the black boundary. Then, a straight line
including the starting point and the intersection point may be
determined, the target black pixel points located between the
starting point and the intersection point that are on the black
boundary may be determined, and the distance between each
target black pixel point and the straight line may be calcu-
lated. If the distance between at least one target pixel and the
straight line 1s larger than the preset distance threshold, the
curve complexity of the black boundary may be increased by
one counting unit, for example, by one pixel; otherwise, the
curve complexity of the black boundary remains unchanged.
In which, the preset distance threshold may be set according
to the actual condition. For example, the distance threshold
may be set to 2 pixels, and for each black boundary, the
initial value of the curve complexity of the black boundary
may be 0O, then the second circle with the reference length as
the radius may be drawn by taking the above-mentioned
intersection point as the starting point and taking the starting
point as the center, and then whether there 1s a new inter-
section point between the second circle and the black
boundary 1s determined. In this manner, the above-men-
tioned steps are performed until no new 1ntersection point on
the black boundary 1s generated. At this time, the obtained
curve complexity 1s the curve complexity of the black
boundary.

In which, the new ntersection point refers to the inter-
section point other than that has had been taken as the
starting point. In other words, the new intersection point 1s
a point other than the center of the circle drawn above. For
example, 11 there 1s an 1ntersection point A and an 1ntersec-
tion point B between the second circle drawn for the first
time and the black boundary, and the intersection point A 1s
the center of the first circle, at this time there 1s the new
intersection point 13 between the second circle and the black
boundary. For another example, if there are an intersection
point C and an intersection point D between the second
circle drawn for the second time and the black boundary, and
the intersection point C 1s the center of the second circle
drawn for the first time, at this time there i1s the new
intersection point D between the second circle and the black
boundary.

In one embodiment, the determining the matching weight
of the black boundary based on the length and the curve
complexity of the black boundary includes:

calculating the matching weight of the black boundary

through an equation of:

W= "/In(L,);

where, W. 1s the matching weight of the 1-th black
boundary, D (r) 1s the curve complexity of the 1-th black
boundary, L, 1s the length of the i1-th black boundary,
and r 1s the reference length.

From S501-5S507, 1t can be seen that for a large object or
wall, the length of its black boundary will be larger or its
curve complexity will be smaller, while for a small object,
the length of 1ts black boundary will be smaller or 1ts curve
complexity will be larger. Therefore, when setting the
matching weight of the black boundary using the above-
mentioned equation, 1t may make the black boundaries of the
large object or wall have a relatively small matching weight
and make the black boundaries of the small object or thin
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areca have a relatively large matching weight. By increasing
the matching weigh of small objects or thin areas, the effect
of small objects or thin areas on the matching in the
relocation 1s increased, thereby reducing the false alarm rate
of successiul relocation without increasing the hardware
cost, and improving the robustness of relocation.

In this embodiment, after the global navigation map 1s
obtained, all the black boundaries 1n the global navigation
map may be obtained through the region growing algorithm,
and the matching weights of all the black boundaries may be
determined using the above-mentioned determination
method. Therefore, when the robot needs to relocate, the
black boundaries in the local matching sub-map and their
matching weights may be obtained directly based on the
black boundaries in the global navigation map and their
matching weights aiter determining the local matching sub-
map, which may effectively reduce the process of determin-
ing the black boundary and i1ts matching weight during
relocation, thereby improving the efliciency of relocation.

It should be noted that, after the matching weight of each
black boundary 1n the local matching sub-map 1s obtained,
the matching weight may be normalized to facilitate the
subsequent processing. In one embodiment, the ratio of the
matching weight of each black boundary to the sum of the
matching weights of all the black boundaries may be deter-
mined as the normalized matching weight of each black
boundary. For example, 1f a local matching sub-map
includes a black boundary A, a black boundary B, a black
boundary C. and a black boundary D, and the matching
weight of black boundary A 1s W, the matching weight of
black boundary B 1s W, the matching weight of black
boundary C 1s W, and the matching weight of the black
boundary D 1s W), the normalized matching weight of the
black boundary A may be W /(W +W+W _ +W,), the
normalized matching weight of the black boundary B may

be W /(W _ +W.+W +W,), the normalized matching
weilght of the black boundary C may be W /(W ,+W .+ W -+
W), and the normalized matching weight of the black
boundary D may be W /(W +W +W +W ).

S5103: determining an estimated pose and a target black
boundary based on the local matching sub-map and the
current scan image, and obtaining a matching value
between the current scan image and the local matching
sub-map based on a matching weight of the target black
boundary, where the target black boundary 1s the black
boundary of the matching local matching sub-map
matching the current scan map.

In one embodiment, template matching or gradient match-
ing may be used to obtain the target black boundary that
matches between the local matching sub-map and the cur-
rent scan image, and determine the estimated pose. In which,
if a certain black boundary in the local matching sub-map
has an independent black boundary 1n the current scan image
that closely fits or overlaps with 1t, the black boundary 1n the
local matching sub-map 1s the target black boundary. After
determining all the target black boundaries in the local
matching sub-map, the matching weights of the target black
boundaries can be added to take as the matching value S0
between the current scan image and the local matching
sub-map. In which, whether the black boundaries closely fit
or overlap may be determined according to the similarity
between the black boundaries, and the determining of the
similarity may use any existing method, which is not limited
herein.

It should be noted that, the existing method for determin-
ing the pose using template matching or gradient matching
may be used, which 1s not limited herein.
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S104: determining the estimated pose as a relocated pose
of the mobile machine in response to the matching
value being larger than a preset matching threshold.

In which, the preset matching threshold may be set
according to the actual condition. For example, the preset
matching threshold may be set to any value between 0.85
and 0.95. Therefore, 11 the matching value S0 between the
current scan 1mage and the local matching sub-map 1s larger
than the matching threshold, 1t indicates that the relocation
1s successiul, and the estimated pose 1s determined as the
relocated pose. Otherwise, 1t may be considered that this
relocation 1s failed and the failure feedback information will
be output, and another location will be recommended to
select for relocation.

The preprocessing of the global navigation map will be
described 1n detail below. FIG. 6 1s a tlow chart of prepro-
cessing a global navigation map according to an embodi-
ment of the present disclosure. As shown in FIG. 6, the
preprocessing the global navigation map may include the
following steps.

S601: obtaining a ternary map by performing a ternary

processing on the global navigation map.

The range of the pixel value of each pixel in the global
navigation map 1s generally [0, 255]. To facilitate process-
ing, the ternary processing may be performed on the global
navigation map, and the pixel value of each pixel 1s only set
to one of three values of 0, 205 and 255 which represents
black, gray and white, respectively, so to obtain the ternary
map. As an example, the ternary processing may be per-
formed on the global navigation map using an equation of:

(0 0 =< Iy(x, v) < minPixel
[1(x, y) =< 205 minPixel < Iy(x, y) < maxPixel
AR maxPixel < Iy(x, y) <255

where, 1,(x, y) and I,(x, y) are the pixel values of any
pixel in the global navigation map and the ternary map,
respectively, and minPixel and maxPixel are both preset
pixel thresholds while their value may be set according to
the actual condition. In this embodiment, according to
engineering practice, 1t may set minPixel to 50 and set
maxPixel to 240. In the case that the pixel value of a certain
pixel 1n the global navigation map 1s less than minPixel, the
pixel value of a pixel 1n the ternary map that 1s at the same
position as the above-mentioned pixel will be O; 1 the case
that the pixel value of a certain pixel 1n the global navigation
map 1s larger than or equal to minPixel and less than
maxPixel, the pixel value of a pixel 1n the ternary map that
1s at the same position as the above-mentioned pixel will be
205; and 1n the case that the pixel value of a certain pixel in
the global navigation map 1s larger than or equal to
maxPixel, the pixel value of a pixel 1n the ternary map that
1s at the same position as the above-mentioned pixel will be
255.

S602: obtaining a binary map by binarizing the ternary

map.

The binarization 1s performed on the ternary map, that 1s,
the pixel value of each pixel 1s only set to one of two values
of 0 and 25 which represents black and white, respectively,
so as to obtain the binary map. In one embodiment, the
ternary map needs to be traversed pixel by pixel during the
binarization. If 1ts pixel value 1s 205 or 255, that 1s, gray or
white, the pixel value of the corresponding position of the
binary map 1s set to 253, that 1s, white. If its pixel value 1s
0, that 1s, black, 1t needs to determine whether there 1s an
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ellective structure connected by black pixels or by gray,
black and white within a 3x3 grid with 1ts position as the
center. IT yes, 1t means that the pixel belongs to a valid
boundary of an object or wall, and the pixel value of the
corresponding position of the binary map needs need to keep
as 0 (1.e., black); otherwise, the pixel 1s likely to be an
1solated sensor noise and needs to be filtered out, so the pixel
value of the corresponding position of the binary map 1s set
to 255 (1.e., white).

S603: obtaining a filled ternary map and a filled binary
map by performing a boundary filling on the ternary
map and the binary map.

First, the black boundaries of the binary map are
extracted. In this embodiment, all the black boundaries in
the binary map may be extracted and saved using the region
growing algorithm. The region growing algorithm may be
implemented based on breadth-first traversal or depth-first
traversal.

Then, each black pixel 1in the black boundary of the binary
map 1s used as the center to perform the boundary filling on
the ternary map and the binary map to obtain the filled
ternary map and the filled binary map.

Taking any black pixel 1n the black boundary of the binary
map as an example, the boundary filling may include the
following steps.

a: finding a white pixel in eight neighborhoods (1.e., the
neighboring pixel on the up, the down, the leit, the
right, the upper lett, the lower lett, the upper right, and
the lower right) of the ternary target pixel.

The ternary target pixel 1s a pixel 1n the ternary map that
1s at the same position as the binary target pixel, and the
binary target pixel 1s any pixel 1n the black boundary of the
binary map.

If a white pixel 1s found, step b will be executed;
otherwise, no processing 1s required.

b: recording each pixel scanned on a ghost detection line
in a sequential manner until a gray pixel point is
scanned.

The ghost detection line 1s a ray directed from the found
white pixel to the ternary target pixel. In this embodiment,
a threshold for the maximum number of connected pixels
that can be scanned 1n the direction of the ghost detection
line can be set 1n advance. The threshold 1s denoted as
maxDetectedPixel, and its value may be set according to the
actual condition. In the embodiment, 1t may be set to 5.
Generally, 1n engineering practice, one pixel mn a grid map
represents 5 cm. I thus threshold 1s set to 5, since the
ellective ghost detection line that can be filled must be ended
by two connected black and gray pixels, the ghost area with
the width of up to 3 consecutive white pixel may be filled,
that 1s, the ghosts with a distance of no more than 15 cm may
be processed.

If the amount of the recorded pixels 1s less than the preset
threshold (i1.e., maxDetectedPixel) and the last recorded
pixel 1s a black pixel, step ¢ 1s executed; otherwise, no
processing 1s required.

c: filling to-be-filled pixels 1n the binary map and the

ternary map.

As an example, the white pixels 1n the recorded pixels
may be determined as the to-be-filled pixels in the ternary
map, and the pixel in the binary map that 1s at the same
position as the to-be-filled pixel in the ternary map 1s
determined as the to-be-filled pixel in the binary map, and
finally the to-be-filled pixels in the binary map and the
to-be-filled pixels 1n the ternary map are all set as black
pixels.
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Each black pixel in the black boundary of the binary map
1s traversed by executing the process from step a to step C
so as to perform the boundary filling on the ternary map and
the binary map, and eventually the obtained ternary map
aiter the boundary filling 1s the filled ternary map while the
obtained binary map aiter the boundary filling 1s the filled
binary map. At this time, the boundary ghost problem has
been transformed into a boundary fitting problem.

S604: obtaining a thinned binary map by performing a

boundary thinning on the filled binary map.

In order to solve the boundary fitting problem, the map
needs to be thinned here, that 1s, all the thick boundaries 1n
the map that gathers multiple pixels are thinned into one
pixel width. In this embodiment, the thinned binary map
may be obtained by performing the boundary thinning on the
filled binary map using a binary image edge thinning algo-
rithm. The binary image edge thinming algorithm may
include, but 1s not limited to, Hilditch, Pavlidis, Rosenteld,
and index table thinning algorithms.

S605: obtaining a thinned ternary map by performing the
boundary thinning on the filled ternary map based on
the thinned binary map.

In the thinned binary map obtained through boundary
thinning, many redundant black pixels are removed, and the
actual boundary of the wall or object 1s changed. Therefore,
it needs to perform merge operation to update to the filled
ternary map synchronously. As an example, the pixels 1n the
filled ternary map that are at the same positions as the black
pixels 1n the binary thinned map may be set as black pixels,
then the to-be-thinned pixels in filled ternary map are
determined, where the to-be-thinned pixels are black pixels
at the same position as the white pixels 1n the binary thinned
map. IT the amount of the white pixels 1n the eight neigh-
borhoods of the to-be-thinned pixel 1s larger than the amount
of the gray pixels, the to-be-thinned pixel are set as white
pixels; and 1f the amount of the white pixels i the eight
neighborhoods of the to-be-thinned pixel 1s not larger than
the amount of the gray pixels, the to-be-thinned pixels are
set as gray pixels. After the above-mentioned processing, the
thinned ternary map may be obtained.

In one embodiment, the thinned ternary map may be
directly used as the final result. However, considering that
the thinned ternary map has solved the problems of the
boundary fitting and the boundary ghosting while the prob-
lem that the black boundary extends to the gray area and
some black object boundaries remained outside the black
wall boundary may be aggravated, in other embodiments,
alter the thinned ternary map 1s obtained, the black boundary
of the thinned binary map may be extracted (which 1s similar
to the boundary extraction in S603, and will not be repeated
herein), and the thinned ternary map and the binary thinned
map may be respectively optimized using each black pixel
in the black boundaries of the thinned binary map as the
center so as to obtain an optimized ternary map and an
optimized binary map, respectively.

Taking any black pixel in the black boundary of the
thinned binary map as an example, the optimization may
include the following steps.

First, counting the amount of the white pixels 1n the eight
neighborhoods of the thinned ternary target pixel.

In which, the thinned ternary target pixel 1s a pixel 1n the
thinned ternary map that 1s at the same position as the
thinned binary target pixel, and the thinned binary target
pixel 1s any pixel in the black boundary of the thinned binary
map.

Second, 11 the counted amount of the white pixels 1s 0, 1t
means that the black boundary 1s not adjacent to the passable




US 11,983,916 B2

13

white area, that 1s, the black boundary extends to the gray
areca which does not conform to the white-black-gray pro-
jection scanning law of laser and needs to be filtered out. For
example, the filtering may be: setting the thinned ternary
target pixel as a gray pixel and setting the thinned binary
target pixel as a white pixel.

Third, 11 the counted amount of the white pixels 1s larger
than 0O, 1t can determine whether each scan line 1s blocked by
the black pixel within a preset distance or not. The scan line
1s a ray directing from the gray pixel in the eight neighbor-
hoods of the thinned ternary target pixel to the thinned
ternary target pixel. It 1s easy to understand that, the amount
of the scan lines 1s the same as the amount of the gray pixels
in the eight neighborhoods, that 1s, the ray of any gray pixel
in the eight neighborhoods that directs to the thinned ternary
target pixel 1s a scan line. The preset distance 1s denoted as
maxScannedPixel, and 1ts value may be set according to the
actual condition. The value 1s set based on the ratio of the
actual diameter of the robot to the actual distance can be
represented by a single pixel in the grid map. If the actual
diameter of the robot 1s 50 cm, and one pixel of the grid map
represents a distance of 5 cm, maxScannedPixel may be set
to 10, that 1s, up to scan and store 10 pixels for determining,
whether 1t 1s blocked by the black wall boundary. It all the
scanning attempts in the direction of gray-black straight line
of the thinned ternary target pixel are blocked by the black
boundary, it means that the thinned ternary target pixel 1s
likely to come from the remained object boundary outside
the black wall boundary. Because the robot cannot be
reasonably fitted near i1ts white area, according to the white-
black-gray projection law of laser, the boundary 1s 1mpos-
sible to be generated and needs to be filtered out. The
filtering may be: setting the thinned ternary target pixel point
and the white pixels on each scan line as gray pixels, and
setting the thinned binary target pixels as white pixels. If
there 1s at least one scan line not blocked by the black pixels
within the preset distance, no processing i1s required.

Each black pixel in the black boundary of the thinned
binary map 1s traversed, the thinned ternary map and the
thinned binary map are optimized by performing the above-
mentioned optimization respectively, and eventually the
obtained optimized ternary map 1s the optimized ternary
map and the obtained optimized binary map i1s the optimized
binary map.

In this embodiment, when the robot needs to relocate, by
obtaining a global navigation map and a current scan map of
a target scene the mobile machine 1s located, and generating
a local matching sub-map based on the global navigation
map; obtaining a black boundary in the local matching
sub-map, determining a length and a curve complexity of the
black boundary, and determining a matching weight of the
black boundary based on the length and the curve complex-
ity of the black boundary; determining an estimated relo-
cated pose and a target black boundary based on the local
matching sub-map and the current scan 1image, and obtaining,
a matching value between the current scan image and the
local matching sub-map based on a matching weight of the
target black boundary, where the target black boundary 1s the
black boundary of the matching local matching sub-map
matching the current scan map; and determining the esti-
mated pose as a relocated pose of the mobile machine in
response to the matching value being larger than a preset
matching threshold, it sets the matching weight of the black
boundaries according to the length and curve complexity of
the black boundaries to increase the eflect of small objects
and thin areas to the matching, thereby eflectively solving
the problem of the high false alarm rate of successiul
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relocation, improving the robustness of relocation, and
improving the user experience.

FIG. 7 1s a schematic block diagram of a relocation
apparatus according to an embodiment of the present dis-
closure. A relocation apparatus corresponding to the reloca-
tion method described 1n the above-mentioned embodiment
1s provided. In this embodiment, for or ease of description,
only the related parts are shown. As shown i FIG. 7, the
relocation apparatus may include.

a matching sub-map generation module 701 configured to
obtain a global navigation map and a current scan map
of a target scene the mobile machine 1s located, and
generate a local matching sub-map based on the global
navigation map;

a matching weight determination module 702 configured
to obtain a black boundary in the local matching
sub-map, determine a length and a curve complexity of
the black boundary, and determine a matching weight
of the black boundary based on the length and the curve
complexity of the black boundary;

a matching value determination module 703 configured to
determine an estimated relocated pose and a target
black boundary based on the local matching sub-map
and the current scan image, and obtain a matching
value between the current scan 1mage and the local
matching sub-map based on a matching weight of the
target black boundary, where the target black boundary
1s the black boundary of the matching local matching
sub-map matching the current scan map; and

a pose determination module 704 configured to determine
the estimated pose as a relocated pose of the mobile
machine 1n response to the matching value being larger
than a preset matching threshold.

In one embodiment, the matching weight determination

module 702 may include:

a boundary length determiming unit configured to obtain
an amount of black pixels contamned in the black
boundary, and taking the amount of black pixels as the
length of the black boundary.

In one embodiment, the matching weight determination

module 702 may include:

a first complexity determining unit configured to set the
curve complexity of the black boundary to a preset
value 1n response to the length of the black boundary
being less than a preset reference length;

a first circle drawing unit configured to draw a first circle
with an endpoint of the black boundary as a center and
the reference length as a radius 1n response to the length
of the black boundary being larger than or equal to the
preset reference length, and obtaining an intersection
point of the first circle and the black boundary;

a pixel distance determining unit configured to determine
a target black pixel point between the center of the first
circle and the intersection point of the first circle and
the black boundary 1n the black boundary, and deter-
mine a distance between the target black pixel point and
a target straight line, where the target straight line 1s
determined based on the center of the first circle and the
intersection point of the first circle and the black
boundary;

a complexity increasing unit configured to increase the
curve complexity of the black boundary by one count-
ing unit 1n response to there being a distance larger than
a preset distance threshold;
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a second circle drawing unit configured to draw a second
circle with the intersection point of the first circle and
the black boundary as a center and the reference length
as a radius; and

a second complexity determining umt configured to
obtain the curve complexity of the black boundary by
returning to the determiming the target black pixel point
between the center of the first circle and the intersection
point of the first circle and the black boundary 1n the
black boundary, and determining the distance between
the target black pixel point and the target straight line
in response to there being a new intersection point
between the second circle and the black boundary until
there 1s no new 1intersection point between the second
circle and the black boundary.

In one embodiment, the matching weight determination

module 702 may further include:

a matching weight determining unit configured to calcu-
late the matching weight of the black boundary through
an equation of:

W.=eP ) In(L)); 1.

where, W, 1s the matching weight of the 1-th black
boundary, D.(r) 1s the curve complexity of the 1-th black
boundary, L, 1s the length of the i1-th black boundary,
and r 1s the reference length.

In one embodiment, the matching sub-map generation

module 701 may include:

a matching area determining unit configured to determine
an adaptive matching area;

a preprocessing unit configured to preprocess the global
navigation map to obtain an optimized navigation map;
and

a matching sub-map generating unit configured to gener-
ate the local matching sub-map based on the adaptive
matching area and the optimized navigation map.

In one embodiment, the matching area determining unit

may include:

a locating mode determining subunit configured to obtain
a locating mode of relocation;

a first matching area determination subunit configured to
obtain a global locating position of the robot and a first
position ol the robot before a navigation fails 1n
response to the locating mode being global relocation,
and generating the adaptive matching area based on the
global locating position and the first position; and

a second matching area determination subunit configured
to obtaining the global locating position of the robot,
the first position of the robot before the navigation fails,
and a second position specified by a user 1n response to
the locating mode being local relocation, and generat-
ing the adaptive matching area based on the global
locating position, the first position, and the second
position.

In one embodiment, the first matching area determination

subunit may include:

a third circle drawing subunit configured to draw a third
circle with the global locating position as a center and
a first preset length as a radius, and drawing a fourth
circle with the first position as a center and the first
preset length as a radius;

a first matching area determination sub-unit configured to
determine a smallest circumscribed rectangle including
the third circle and the fourth circle as the adaptive
matching area in response to the third circle and the
fourth circle intersect or accommodate with each other;
and

5

10

15

20

25

30

35

40

45

50

55

60

65

16

a second matching area determination sub-unit configured
to determine a rectangle area with the global locating
position as a center and a second preset length as a side
length as the adaptive matching area in response to the
third circle being separated from the fourth circle or the
fourth circle not existing.

It should be noted that, the information exchange, execu-
tion process and the like between the above-mentioned
apparatus/unit are based on the same 1dea as the method
embodiment of present disclosure. For specific functions
and technical eflects, please refer to the method embodiment
for details, which will not be repeated herein.

Those skilled 1n the art may clearly understand that, for
the convenience and simplicity of description, the division
of the above-mentioned functional units and modules 1s
merely an example for illustration. In actual applications, the
above-mentioned functions may be allocated to be per-
formed by diflerent functional units according to require-
ments, that 1s, the internal structure of the device may be
divided 1nto different functional units or modules to com-
plete all or part of the above-mentioned functions. The
functional units and modules 1n the embodiments may be
integrated 1n one processing unit, or each unit may exist
alone physically, or two or more units may be integrated 1n
one unit. The above-mentioned integrated unit may be
implemented in the form of hardware or in the form of
soltware functional unit. In addition, the specific name of
cach functional unit and module 1s merely for the conve-
nience ol distinguishing each other and are not intended to
limit the scope of protection of the present disclosure. For
the specific operation process of the units and modules 1n the
above-mentioned system, reference may be made to the
corresponding processes 1 the above-mentioned method
embodiments, and are not described herein.

FIG. 8 15 a schematic block diagram of a mobile machine

according to an embodiment of the present disclosure. As
shown 1n FIG. 8, 1n this embodiment, a robot 8 includes: at
least one processor 80 (only one 1s shown 1 FIG. 8), a
storage 81, and a computer program 82 stored in the storage
81 and 1s executable on the at least one processor 80. When
the processor 80 executes the computer program 82, the
steps 1n the relocation method of any of the foregoing
embodiments are implemented.
Those skilled 1n the art should be noted that, the robot 8
in FIG. 8 1s only an example, and does not constitute a
limitation on the robot 8. It may include more or less
components than those shown in the figure, include a
combination of some components, or include different com-
ponents. For example, the robot 8 may also include an input
and output device, a network access device, and the like.

The processor 8 may be a central processing unit (CPU),
or be other general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), or be
other programmable logic device, a discrete gate, a transistor
logic device, and a discrete hardware component. The gen-
eral purpose processor may be a microprocessor, or the
processor may also be any conventional processor.

In some embodiments, the storage 81 may be an internal
storage unit of the robot 8, for example, a hard disk or a
memory of the robot 8. In other embodiments, the storage 81
may also be an external storage device of the robot 8, for
example, a plug-in hard disk, a smart media card (SMC), a
secure digital (SD) card, flash card, and the like, which 1s
equipped on the robot 8. Furthermore, the storage 81 may
further include both an internal storage unit and an external
storage device, of the robot 8. The storage 81 1s configured
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to store an operating system, application programs, a boot
loader, data, other programs such as the program code of the
above-mentioned computer program, and the like. The stor-
age 81 may also be used to temporarily store data that has
been or will be output.

The present disclosure further provides a non-transitory
computer readable storage medium storing with computer
program(s), and when the computer program 1s executed by
a processor, the steps in the above-mentioned method
embodiment can be implemented.

The present disclosure further provides a computer pro-
gram product. When the computer program product is
executed on the robot 8, the robot 8 may implement the steps
in the above-mentioned method embodiment.

When the integrated unit 1s implemented 1n the form of a
soltware functional unit and 1s sold or used as an indepen-
dent product, the integrated module/unit may be stored 1n a
non-transitory computer readable storage medium. Based on
this understanding, all or part of the processes 1n the method
for implementing the above-mentioned embodiments of the
present disclosure are implemented, and may also be 1mple-
mented by structing relevant hardware through a computer
program. The computer program may be stored in a non-
transitory computer readable storage medium, which may
implement the steps of each of the above-mentioned method
embodiments when executed by a processor. In which, the
computer program includes computer program codes which
may be the form of source codes, object codes, executable
files, certain intermediate, and the like. The computer read-
able medium may at least include any primitive or device
capable of carrying the computer program codes to the
apparatus/robot, a recording medium, a computer memory,
a read-only memory (ROM), a random access memory
(RAM), electric carrier signals, telecommunication signals
and software distribution media. For example, a USB flash
drive, a portable hard disk, a magnetic disk, an optical disk,
and the like. It should be noted that the content contained 1n
the computer readable medium may be appropriately
increased or decreased according to the requirements of
legislation and patent practice in the jurisdiction. For
example, 1n some jurisdictions, according to the legislation
and patent practice, a computer readable medium does not
include electric carrier signals and telecommunication sig-
nals.

In the above-mentioned embodiments, the description of
cach embodiment has 1ts focuses, and the parts which are not
described or mentioned 1n one embodiment may refer to the
related descriptions in other embodiments.

Those ordinary skilled in the art may clearly understand
that, the exemplificative units and steps described in the
embodiments disclosed herein may be implemented through
clectronic hardware or a combination of computer software
and electronic hardware. Whether these functions are imple-
mented through hardware or software depends on the spe-
cific application and design constraints of the technical
schemes. Those ordinary skilled 1n the art may implement
the described functions in different manners for each par-
ticular application, while such implementation should not be
considered as beyond the scope of the present disclosure.

In the embodiments provided by the present disclosure, it
should be understood that the disclosed apparatus (or
device)/robot and method may be implemented in other
manners. For example, the above-mentioned apparatus/ro-
bot embodiment 1s merely exemplary. For example, the
division of modules or units 1s merely a logical functional
division, and other division manner may be used 1n actual
implementations, that 1s, multiple units or components may
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be combined or be integrated 1nto another system, or some
of the features may be 1gnored or not performed. In addition,
the shown or discussed mutual coupling may be direct
coupling or communication connection, and may also be
indirect coupling or communication connection through
some 1nterfaces, devices or units, and may also be electrical,
mechanical or other forms.

The umits described as separate components may or may
not be physically separated. The components represented as
units may or may not be physical units, that 1s, may be
located 1n one place or be distributed to multiple network
units. Some or all of the units may be selected according to
actual needs to achieve the objectives of this embodiment.

The above-mentioned embodiments are merely intended
for describing but not for limiting the technical schemes of
the present disclosure. Although the present disclosure 1s
described 1n detail with reference to the above-mentioned
embodiments, 1t should be understood by those skilled 1n the
art that, the technical schemes in each of the above-men-
tioned embodiments may still be modified, or some of the
technical features may be equivalently replaced, while these
modifications or replacements do not make the essence of
the corresponding technical schemes depart from the spirit
and scope of the technical schemes of each of the embodi-
ments of the present disclosure, and should be included
within the scope of the present disclosure.

What 1s claimed 1s:

1. A computer-implemented relocation method for a
mobile machine, comprising:

obtaining a global navigation map and a current scan map

of a target scene the mobile machine is located, and
generating a local matching sub-map based on the
global navigation map;

obtaining a black boundary in the local matching sub-

map, determining a length and a curve complexity of
the black boundary, and determining a matching weight
of the black boundary based on the length and the curve
complexity of the black boundary;

determining an estimated pose and a target black bound-

ary based on the local matching sub-map and the
current scan i1mage, and obtaining a matching value
between the current scan 1image and the local matching
sub-map based on a matching weight of the target black
boundary, wherein the target black boundary 1s the
black boundary of the matching local matching sub-
map matching the current scan map; and

determining the estimated pose as a relocated pose of the

mobile machine in response to the matching value
being larger than a preset matching threshold.

2. The method of claim 1, wherein the determining the
length of the black boundary comprises:

obtaining an amount of black pixels contained in the black

boundary, and taking the amount of black pixels as the
length of the black boundary.
3. The method of claim 1, wherein the determinming the
curve complexity of the black boundary comprises:
setting the curve complexity of the black boundary to a
preset value 1n response to the length of the black
boundary being less than a preset reference length;

drawing a first circle with an endpoint of the black
boundary as a center and the reference length as a
radius 1n response to the length of the black boundary
being larger than or equal to the preset reference length,
and obtaining an intersection point of the first circle and
the black boundary;

determining a target black pixel point between the center

of the first circle and the intersection point of the first
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circle and the black boundary in the black boundary,
and determining a distance between the target black
pixel point and a target straight line, wherein the target
straight line 1s determined based on the center of the
first circle and the intersection point of the first circle
and the black boundary;

increasing the curve complexity of the black boundary by

one counting unit in response to there being a distance
larger than a preset distance threshold;

drawing a second circle with the intersection point of the

first circle and the black boundary as a center and the
reference length as a radius; and

obtaining the curve complexity of the black boundary by

returning to the determiming the target black pixel point
between the center of the first circle and the intersection
point of the first circle and the black boundary 1n the
black boundary, and determining the distance between
the target black pixel point and the target straight line
in response to there being a new intersection point
between the second circle and the black boundary until
there 1s no new intersection point between the second
circle and the black boundary.

4. The method of claim 1, wherein the determining the
matching weight of the black boundary based on the length
and the curve complexity of the black boundary comprises:

calculating the matching weight of the black boundary

through an equation of:

=P/ n(L,);

where, W, 1s the matching weight of the 1-th black
boundary, D.,(r) 1s the curve complexity of the 1-th black
boundary, L, 1s the length of the i1-th black boundary,
and r 1s the reference length.

5. The method of claim 1, wherein the generating the local
matching sub-map based on the global navigation map
COmMprises:

determining an adaptive matching area;

preprocessing the global navigation map to obtain an

optimized navigation map; and

generating the local matching sub-map based on the

adaptive matching area and the optimized navigation
map.

6. The method of claim 35, wherein the determining the
adaptive matching area comprises:

obtaining a locating mode of relocation;

obtaining a global locating position of the robot and a first

position of the robot before a navigation fails in
response to the locating mode being global relocation,
and generating the adaptive matching area based on the
global locating position and the first position; and
obtaining the global locating position of the robot, the first
position of the robot before the navigation fails, and a
second position specified by a user in response to the
locating mode being local relocation, and generating
the adaptive matching area based on the global locating
position, the first position, and the second position.

7. The method of claim 6, wherein the generating the
adaptive matching area based on the global locating position
and the first position comprises:

drawing a third circle with the global locating position as

a center and a first preset length as a radius, and
drawing a fourth circle with the first position as a center
and the first preset length as a radius;

determining a smallest circumscribed rectangle including

the third circle and the fourth circle as the adaptive
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matching area in response to the third circle and the
fourth circle intersect or accommodate with each other;
and

determiming a rectangle areca with the global locating

position as a center and a second preset length as a side
length as the adaptive matching area in response to the
third circle being separated from the fourth circle or the
fourth circle not existing.

8. A mobile machine, comprising:

a Processor;

a non-transitory computer readable storage medium

coupled to the processor; and

one or more computer programs stored on the non-

transitory computer readable storage medium and
executable on the processor;

wherein, the one or more computer programs comprise:

instructions for obtaining a global navigation map and a

current scan map ol a target scene the mobile machine
1s located, and generating a local matching sub-map
based on the global navigation map;

instructions for obtaining a black boundary in the local

matching sub-map, determining a length and a curve
complexity of the black boundary, and determining a
matching weight of the black boundary based on the
length and the curve complexity of the black boundary;
instructions for determining an estimated pose and a
target black boundary based on the local matching
sub-map and the current scan image, and obtaining a
matching value between the current scan 1image and the
local matching sub-map based on a matching weight of
the target black boundary, wherein the target black
boundary 1s the black boundary of the matching local
matching sub-map matching the current scan map; and
instructions for determining the estimated pose as a
relocated pose of the mobile machine in response to the
matching value being larger than a preset matching
threshold.

9. The mobile machine of claim 8, wherein the instruc-
tions for determining the length of the black boundary
comprise:

instructions for obtaining an amount of black pixels

contained 1n the black boundary, and taking the amount
of black pixels as the length of the black boundary.

10. The mobile machine of claim 8, wherein the 1nstruc-
tions for determining the curve complexity of the black
boundary comprise:

instructions for setting the curve complexity of the black

boundary to a preset value in response to the length of
the black boundary being less than a preset reference
length;

instructions for drawing a first circle with an endpoint of

the black boundary as a center and the reference length
as a radius in response to the length of the black
boundary being larger than or equal to the preset
reference length, and obtaining an intersection point of
the first circle and the black boundary;

instructions for determining a target black pixel point

between the center of the first circle and the intersection
point of the first circle and the black boundary 1n the
black boundary, and determining a distance between

the target black pixel point and a target straight line,
wherein the target straight line 1s determined based on
the center of the first circle and the intersection point of
the first circle and the black boundary;
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instructions for increasing the curve complexity of the
black boundary by one counting unit 1 response to

there being a distance larger than a preset distance
threshold;

instructions for drawing a second circle with the inter-
section point of the first circle and the black boundary
as a center and the reference length as a radius; and

instructions for obtaining the curve complexity of the
black boundary by returning to the determining the
target black pixel point between the center of the first
circle and the intersection point of the first circle and
the black boundary in the black boundary, and deter-
mining the distance between the target black pixel point
and the target straight line in response to there being a
new 1ntersection point between the second circle and
the black boundary until there 1s no new intersection
point between the second circle and the black boundary.

11. The mobile machine of claim 8, wherein the instruc-

tions for determining the matching weight of the black
boundary based on the length and the curve complexity of
the black boundary comprise:

instructions for calculating the matching weight of the
black boundary through an equation of:

W.=eP"n(L));

where, W_ 1s the matching weight of the 1-th black
boundary, D, (r) 1s the curve complexity of the 1-th black
boundary, L, 1s the length of the 1-th black boundary,
and r 1s the reference length.

12. The mobile machine of claim 8, wherein the 1nstruc-
tions for generating the local matching sub-map based on the
global navigation map comprise:

instructions for determining an adaptive matching area;

instructions for preprocessing the global navigation map
to obtain an optimized navigation map; and

instructions for generating the local matching sub-map
based on the adaptive matching area and the optimized
navigation map.

13. The mobile machine of claim 12, wherein the 1nstruc-
tions for determining the adaptive matching area comprise:

instructions for obtaining a locating mode of relocation;

instructions for obtaining a global locating position of the
robot and a first position of the robot before a naviga-
tion fails 1n response to the locating mode being global
relocation, and generating the adaptive matching area
based on the global locating position and the first
position; and

instructions for obtaining the global locating position of
the robot, the first position of the robot before the
navigation fails, and a second position specified by a
user 1n response to the locating mode being local
relocation, and generating the adaptive matching area
based on the global locating position, the first position,
and the second position.

14. The mobile machine of claim 13, wherein the instruc-

tions for generating the adaptive matching area based on the
global locating position and the first position comprise:

instructions for drawing a third circle with the global
locating position as a center and a first preset length as
a radius, and drawing a fourth circle with the first
position as a center and the first preset length as a
rad1us:
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instructions for determining a smallest circumscribed
rectangle including the third circle and the fourth circle
as the adaptive matching area in response to the third
circle and the fourth circle intersect or accommodate
with each other; and

instructions for determining a rectangle area with the

global locating position as a center and a second preset
length as a side length as the adaptive matching area 1n
response to the third circle being separated from the
fourth circle or the fourth circle not existing.

15. A non-transitory computer readable storage medium
for storing one or more computer programs, wherein the one
Or more computer programs Comprise:

instructions for obtaining a global navigation map and a

current scan map of a target scene a mobile machine 1s
located, and generating a local matching sub-map
based on the global navigation map;

instructions for obtaining a black boundary in the local

matching sub-map, determining a length and a curve
complexity of the black boundary, and determining a
matching weight of the black boundary based on the
length and the curve complexity of the black boundary;
instructions for determining an estimated pose and a
target black boundary based on the local matching
sub-map and the current scan image, and obtaining a
matching value between the current scan 1image and the
local matching sub-map based on a matching weight of
the target black boundary, wherein the target black
boundary 1s the black boundary of the matching local
matching sub-map matching the current scan map; and
instructions for determining the estimated pose as a
relocated pose of the mobile machine in response to the
matching value being larger than a preset matching
threshold.

16. The storage medium of claim 15, wherein the mnstruc-
tions for determining the length of the black boundary
comprise:

instructions for obtaining an amount of black pixels

contained 1n the black boundary, and taking the amount
of black pixels as the length of the black boundary.

17. The storage medium of claim 15, wherein the instruc-
tions for determining the curve complexity of the black
boundary comprise:

instructions for setting the curve complexity of the black

boundary to a preset value in response to the length of
the black boundary being less than a preset reference
length;

instructions for drawing a first circle with an endpoint of

the black boundary as a center and the reference length
as a radius in response to the length of the black
boundary being larger than or equal to the preset
reference length, and obtaining an intersection point of
the first circle and the black boundary;

instructions for determining a target black pixel point

between the center of the first circle and the intersection
point of the first circle and the black boundary 1n the
black boundary, and determining a distance between
the target black pixel point and a target straight line,
wherein the target straight line 1s determined based on
the center of the first circle and the 1ntersection point of
the first circle and the black boundary;

instructions for increasing the curve complexity of the

black boundary by one counting unit 1n response to
there being a distance larger than a preset distance

threshold;
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instructions for drawing a second circle with the inter-
section point of the first circle and the black boundary
as a center and the reference length as a radius; and

instructions for obtaining the curve complexity of the
black boundary by returning to the determining the °
target black pixel point between the center of the first
circle and the intersection point of the first circle and
the black boundary in the black boundary, and deter-

mining the distance between the target black pixel point
and the target straight line 1n response to there being a
new 1ntersection point between the second circle and
the black boundary until there 1s no new intersection
point between the second circle and the black boundary.
18. The storage medium of claim 15, wherein the instruc-
tions for determining the matching weight of the black 13
boundary based on the length and the curve complexity of
the black boundary comprise:
instructions for calculating the matching weight of the
black boundary through an equation of:

20
Wi=e/In(L,);

where, W, 1s the matching weight of the 1-th black
boundary, D, (r) 1s the curve complexity of the 1-th black
boundary, L, 1s the length of the 1-th black boundary,
and r 1s the reference length.
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19. The storage medium of claim 15, wherein the instruc-
tions for generating the local matching sub-map based on the
global navigation map comprise:

instructions for determining an adaptive matching area;

instructions for preprocessing the global navigation map

to obtain an optimized navigation map; and

instructions for generating the local matching sub-map

based on the adaptive matching area and the optimized
navigation map.

20. The storage medium of claim 19, wherein the nstruc-
tions for determining the adaptive matching area comprise:
instructions for obtaining a locating mode of relocation;
instructions for obtaiming a global locating position of the

robot and a first position of the robot before a naviga-
tion fails 1n response to the locating mode being global
relocation, and generating the adaptive matching area
based on the global locating position and the first
position; and

instructions for obtaining the global locating position of

the robot, the first position of the robot before the
navigation fails, and a second position specified by a
user 1n response to the locating mode being local
relocation, and generating the adaptive matching area
based on the global locating position, the first position,
and the second position.
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